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| NTRODUCTI ON
Change Log
—————————— (changes since rev. B dated 16th July 1996)
> |In several places: "telescope", "transnmitting conponent train" and

"transmitting optical train" changed to "optical systeni.
> Contents table: updated [everything fromsection 3.3 to end del et ed
fromthis docunent and noved to SP-H R-155]
> Section 1.0: CHANGE LOG updat ed.
> Para. 1.1.2: "optical systeni defined to include mrrors.
> Para. 1.2.2: a) changed to include mrrors
d) wording corrected; "<10% figure added.

> Table l1a: title changed.

> Section 1.3: a) wording changed to include mrrors.
> Section 1.4: reference to SC-H R 018 del et ed;
reference to SP-H R-155 added,;
> Section 1.5: new section; refers to spectral flow down diagram
> Para. 2.1.6: wording updated.
> Para. 2.1.8: new para. added to specify mrror reflectance
> Tabl e 2a: headings in cols. 5 & 6 changed to "LW SW 50% poi nt"
("upper/lower" considered anbi guous)
> Table 2b: new col. 4 inserted to show mnimum mrror reflectance;

col. 5 (was col. 4) nunbers reduced to allow for nirrors.

> Para. 2.2: reference to SP-H R-155 added to reflect the fact that the
conponent -l evel test requirenents have been transferred
fromthis docunent (SP-H R-069) to SP-H R-155.

> Paras 3.1.1, 3.1.2: materials specs. clarified, based on data received
from Howard Morrow

> Section 2.3: last para. re-worded to update the descriptions of, and
references to, docunents SP-H R 155 and TC- RDU-111.

> Para 3.2.2: "at the 2% changed to "between the 1% and 5%

> Para 3.2.3: specific thermal background noi se requirenent added

> Para 3.2.4: deleted (redundant, given the changes |isted above and
t he amal ganmati on of the PASSBAND and BLOCKI NG Budget
descriptions into a single docunment: TC- RDU 111)

> Section 3.3: mobved to SP-H R-155

Section 5: noved to SP-H R- 155

> Section 6: noved to SP-H R- 155

\

Definitions and abbrevi ati ons

The terms ' passband’ and 'bandwi dth' refer to the full spectral w dth
bet ween the 50% (of maxinmun) relative transm ssion points

In the context of this docunment the term "optical systeni neans the
ensenble of mirrors, |lenses, detector dewar w ndow, "warni bandpass
filters and "col d" bandpass filters.

BOL = beginning of life; HPP = hal f power point
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2 H RDLS optical conmponents

2.1 The H RDLS optical systemis required to neet all specified performance
requi renents over the whole spectral frequency range from 555 to 1650

cm

1 (wavel ength range 6 to 18.5 microns), except where otherw se stated.

2.2 The optical systemincludes the follow ng conponents, which are al so
listed in Table 1:

a)

b)

c)

d)

e)

several mrrors;

a pair of Germanium | enses, whose primary function is to forman

i mage of the 21-channel (System Field Stop) detector elenment array,

wi th appropriate magnification, at the far focus of the main
Ellipsoid Mrror. Lens L1 also serves to forman imge of the System
Aperture Stop in the plane of the Internediate Lyot Stop

a Zinc Sel enide plane wi ndow, whose primary function is to forma
transparent vacuum seal at the entrance to the Detector Dewar
Assenbl y, and whose secondary function is to provide additiona
spectral blocking at the long wave end of the HI RDLS spectral band;

a pair of multilayer, bandpass filters on Germani um substrates in
each of the 21 spectral channels, the functions of which are to
define the channel passband, to provi de adequate attenuation of
unwant ed energy due to nultiple reflections (ghosting) and to out-of
band spectral |eakage and - in the case of the Cold Filters which are
of various substrate thicknesses - to conpensate for 'chromatic'
aberrations between channels and to reduce the level of "warm
background" flux noise incident on each detector el enent to <10% of

t he detector noise.

an anti-reflection coated photo-conductive array of 21 MCT detector
el ement s.

NOTE: The substrate materials specified herein have been assuned in the

optical imaging design of the telescope, and may not be changed
wi t hout fornal agreenent

Table la - COVPONENTS OF H RDLS OPTI CAL SYSTEM
(listed approximately in sequence fromentrance aperture to detectors)
nom approx  surface appr ox.
centre beam or bul k operating
conponent form desig. thicknss f/no. mat eri al t emrper at ure
scan mrror pl ane FMD --- -- Au 20 C
primary mrror par ab ML --- -- Au 20 C
secondary mrror ellip e --- -- Au 20 C
warmfilter pl ane WF 0.90 7.96 Ge 20 C
lens L1 nmeni scus L1 3.50 -- Ge 20 C
folding mirror pl ane FM4 --- 23.27 Au 20 C
lens L2 nMeni scus L2 3.00 -- Ge 20 C
wi ndow pl ane W 2.00 1.44 ZnSe 15 C
cold filter pl ane CF 0. 45 1.44 CGe 65 K
det ect or - - --- -- HgCdTe 65 K
Table 1b - OTHER H RDLS OPTI CAL COMPONENTS

chopper mrror pl ane FMV3 --- 2.72 Au 20 C
space viewmr. toroid Vb --- -- Au 20 C
IFC mirror par ab VB --- -- Au 20 C
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Sunmary of channel spectral requirenents

The HHRDLS instrunent is an infrared radionmeter with 21 channel s vi ew ng
the linb of the earth's atnosphere in various spectral intervals in the
range 6 to 18 microns, plus an optics alignment channel having the sane
nom nal spectral profile as channel 20.

The spectral profile of each channel will in principle depend on the
spectral characteristics of every conponent in the optical system The
conponents fall into four categories:

a) mrrors: these are all in the common optical train for all channels;
they will probably be coated with electrolytic gold; the m ninmm
required reflectance at BOL is given in this docunent; the conbi ned
spectral response of the various mirrors in the optical system shal
be taken into account and nay affect the design of the conponents in
categories b) and/or c).

b) w ndow and | enses: these conponents are also in the conmmon opti cal
train for all channels; their spectral performance requirenents are
addressed in this specification docunment; these conponents require
anti-reflection coatings effective over the whole spectral range
given in para 1.1; the conbined spectral response of these
conponents may be "tailored" to contribute sonme out-of - band
attenuation, and will in any case interact with the design of sone
of the conponents in category c).

c) bandpass filters: the spectral perfornmance requirenents for these
conponents are addressed in this specification docunent; each
channel requires a conjugate pair of bandpass filters in series in
the optical train - one "warnm (20 C) and one "cold" (65 K) - to
attenuate out-of-field "ghost" responses and out-of -band spectra
"l eaks" to a sufficient degree, and to linmt warm backgound fl ux
noise in the detector elenents to an acceptable |evel.

d) detectors: in each channel the detector elenent is inmediately
behind the Cold Filter. Each detector will be anti-reflection
coated and there may - in the spectrally w dest channels - be a non-

negligible 'slope' in the spectral response across the passband.
Wth regard to the out-of-band regions, the detector elenent
response will gradually decrease at shorter wavel engths and wil|l
decrease nore rapidly towards | onger wavel engt hs.



1.4 Reference Docunents [for each itemthe |latest revision is inplied]

.1

.2

SP-H R- 13 I nstrunment Technical Specification

SP- OXF- 48 Requi renents for docunentation of neasured filter passbands
SP-H R- 154 CQut-of-band Spectral Bl ocking Requirenents

TC-H R-57 System Performance Requirenments & All ocation Tabl es ( SPRAT)
TC- RDU-5 Feasibility study for HHRDLS filters - final report
TC-RDU- 107 Average integrated filter transm ssions

SP-H R- 155 Spectral Performance Requirenents for H RDLS Optical Elenents
TC-RDU- 111 Spectral PASSBAND and BLOCKI NG Budget Description Docunent
TC-RAL-042 Angle of Incidence Distributions

TC-RAL-047 Ghost anal ysis plan

TC-RAL-047/1 Ghost analysis results

Docunent precedence
In the event of any conflict between this docunment (SP-H R-69) and any
of the above-listed reference docunents, the order of precedence is:

SP-H R- 13

t hi s docunent

other listed -H R documents
other listed docunents

kN

Spectral requirements fl ow down di agram

Attention is drawn to the notes and diagramin PM OXF-153A ("H RDLS

I nstrument Spectral Requirenments Flowdown"). This shows how the spectra
requi renents have been docunented, fromthe IRD down to the individua
coating specification docunents. |In particular, PMOXF-153A illustrates
t he places occupi ed by the present document (SP-H R-069) and SP-H R-155.

SPECTRAL REQUI REMENTS FOR COVPLETE CHANNELS

Per f or mance requirements

The spectral bandpass profile for each channel shall conformto the
val ues and tol erances given for the half power (i.e. 50% of peak

transm ssion) points in Table 2a (cols. 5 & 6). For reference only, the
desired (ideal) half power points (HPP) are shown in col. 4.

For each channel at |east one of the follow ng three requirenents
relating to passband shape shall be net:

a) the integrated transm ssion between the 0.2% and the 50%rel ative
transm ssion points (upper and | ower added) shall contribute no nore
than 30% of the integrated transm ssion between the 50%rel ative
transm ssion points, and/or:

b) the 5% relative transm ssion points shall both lie within the [imts
given in Table 2b (col. 3), and/or:
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c) the width of the spectral interval between the 5% relative
transm ssion points shall not exceed 1.6 tinmes the desired passbhand
wi dth as given in Table 2a (col. 4)

The overall absolute transm ssion of the optical system averaged over
the central 10% of the passband, shall be as high as possible, and shal
be equal to or greater than the figure given in Table 2b (col. 5)

On the upper and | ower edges of the passband respectively, the
transm ssion of each channel shall fall nonotonically fromthe 50%
relative transm ssion point to the 0.2%relative transm ssion point

The rel ative spectral response of each channel shall be such that, when
viewi ng a 300 K black body, the total radiance ("l eakage" signal):

a) integrated over the spectral interval between 250 and 6500 cm1
but outside the passband of each channel, shall not exceed 0.25% of
the in-band radi ance in that channel, and

b) averaged over any 10-wavenunber spectral interval between 250 and
6500 cm 1, but outside the passband of each channel, shall not exceed
1E-7 of the peak in-band transni ssion, except between 400 and 500
cm1 where it shall not exceed 1E-6 of the peak in-band transm ssion

For these requirements only, the passband shall be assuned to extend on
each side of the nom nal passband of each channel to the cl osest of
t he points:

a) at which the relative transm ssion has fallen nonotonically to 1E-7,
or

b) at which the relative transm ssion has fallen nonotonically to a
| ocal mininumvalue greater than 1E-7, or

c) which is three tines the bandwi dth away fromthe band centre

The out - of - band spectral bl ocking coatings for each conponent in the
optical system shall be designed so that the overall blocking Ievels
speci fied above will be achieved after integration of the whole

tel escope optical system The analytical, synthetical and other rel evant
data used to show how i ndi vi dual conponent bl ocking profiles have been
derived fromthese requirements shall be described in "TC RDU- 111
"Spectral PASSBAND and BLOCKI NG Budget Descri ption Docunent”, and
included in the conpilation of the SP-H R 155 spectral design
spreadsheet.

In considering the spectral blocking and throughput aspects of the
coated optics perfornance, the thicknesses of the conponent substrates
shall be taken as given in Table 1, and the nmaterials as specified in
paras 3.1.1, 3.1.2 and 3.2.1

The absol ute reflectance of each mirror surface in the optical system
at BOL shall be equal to or greater than the value shown in Table 2b
(col. 4).



Table 2a - SPECTRAL PASSBANDS

1 2 3 4 5
Centre Desi red Requi r ed

Channel (appr ox) Passband LW 50% pt .

# Gas (mcron) (cm1) (cm1)

1 N2O Aero 17.4 563 - 588 563.5(+/-)2.0
2 Cx2 (L) 16.5 600 - 615 600.5(+/-)2.0
3 @2 (M 16.0 610 - 640 610.0(+/-)3.0
4 Cx2 (M 15.6 626 - 660 626.0(+/-)3.0
5 CX2 (H 15.0 655 - 680 655.0(+/-)3.0
6 Aero 12.1 821 - 836 821.5(+/-)2.3
7 CFC 11 11.8 835 - 853 835.0(+/-)2.4
8 HNC3 11.3 860 - 905 861.5(+/-)2.5
9 CFC12 10.8 915 - 933 916.0(+/-)2.6
10 @3 (L) 10.1 990 - 1010 991.0(+/-)2.8
11 &8 (H 9. 57 1011 - 1048 1011.0(+/-)2.9
12 @3 (L) 8. 85 1120 - 1140 1120.0(+/-)3.2
13  Aero 8. 26 1200 - 1220 1202.0(+/-)3.4
14 N2Gb 8. 04 1229 - 1260 1229.5(+/-)2.0
15 N20O 7.88 1256 - 1282 1256.25(+/-)1.0
16 C ON®2 7.76 1278 - 1299 1278.25(+/-)1.0
17 CH4 7.43 1324 - 1369 1325.5(+/-)3.8
18 H20 (L) 7.09 1385 - 1435 1387.0(+/-)4.0
19 Aero 7.10 1402 - 1416 1402.25(+/-)1.0
20 H2O0 (H 6.75 1422 - 1542 1422.0(+/-)4.1
21 6.22 1582 - 1634  1585.5(+/-)4.5
22 (test) 6. 75 1422 - 1542 (nom nal)

Requi r ed
SW 50% pt .

(cm1)
.25(+/-)1.0
.75(+/-)1.0
L5(+-) 2.
.0(+/-)3
.0(+/-)3
.0(+/-)2
.0(+/-)2
L5(+-)2.
.5(+/-) 2.
L0(+-) 2.
L5(+-) 2.
.5(+/-)3.
.0(+/-)3.
.75(+/-)1.0

ANOOCOUIARRMOOO

.0(+/-)4.0
L 75(+/-)1.0
L0(+/-)4.3
. 5(+/-)4.6



Table 2b - SPECTRAL RESPONSE & TRANSM SSI ON

1 2 3 4 5
5% rel
response M ni mum M ni mum

Channel limts mrror over al
# Gas (cm1) refl ectance transm ssi on
1 N2Q Aer o 556 - 595 98.8 % 7 %
2 Ccx2 (L) 596 - 619 98.8 % 17 %
3 cx2 (M 601 - 649 98.7 % 24 %
4 cx2 (M 616 - 670 98.7 % 28 %
5 Ccx2 (H 648 - 687 98.7 % 37 %
6 Aer o 817 - 840 98.6 % 41 %
7 CFC- 11 830 - 858 98.6 % 43 %
8 HNC3 847 - 918 98.6 % 55 %
9 CFC- 12 910 - 938 98.6 % 51 %
10 a3 (L) 984 - 1016 98.5 % 52 %
11 a3 (H 1000 - 1059 98.5 % 58 %
12 a3 (L) 1114 - 1146 98.5 % 52 %
13 Aer o 1194 - 1226 98.5 % 52 %
14 N2 Cb 1220 - 1269 98.5 % 55 %
15 N20O 1249 - 1289 98.5 % 53 %
16 Cl ONO2 1272 - 1305 98.5 % 50 %
17 CH4 1311 - 1382 98.5 % 56 %
18 H20 (L) 1370 - 1450 98.5 % 54 %
19 Aer o 1398 - 1420 98.5 % 37 %
20 H20 (H) 1386 - 1578 98.5 % 58 %
21 NO2 1567 - 1649 98.5 % 51 %
22 (test) 98.5 % 50 %

Formal verification of instrument spectral characteristics

It is intended to verify by test at instrunent-level prior to
calibration that the end-to-end spectral passband for each channel

i.e. the nom nal half-power points and the shape factor, are within the
stated limts.

Subsequent instrunent-level calibration will include tests to verify
that the requirenments of paras 2.1.2 and 2. 1.4 herein have been net.

It is not expected that the requirements of paras 2.1.3 and 2.1.5 can be
verified at instrunent level. These will be verified by synthesis of the
results of the conponent-level tests defined in SP-H R 155.
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Fl ow- down of spectral requirenents to conponents

The design of the overall spectral characteristics of the optical system
i nvol ves close interaction between conponents within several instrunent
subsystens. The flow down of the instrunent spectral requirenents is
primarily controlled by this docunment, taking into account not only the
overal |l spectral response requirenents given in the ITS (SP-H R-13) but
al so the spectral response and surface refl ectance constraints or
assunptions derived fromthe out-of-field ("ghosting") analysis reported
in TCG-RAL-047 and -047/1, as well as the optical throughput figures used
in the OPDETPRE Budget (TC-H R-57, Section 4.9).

For each channel, the bandpass and out-of - band bl ocki ng designs for the
warm and cold filters may to sone extent be traded between these
conponents to make the best use of the respective tenperature-dependent
spectral characteristics of each conjugate pair. In a few channels the
spectral characteristics of the | enses and wi ndow unavoi dably i nfl uence
both the in-band and out-of-band overall spectral response, and these
must be included in the design process and fl ow down.

For the above reasons a coherent set of conponent spectral perfornance
profiles for the H RDLS i nstrument has been devel oped. These profiles
wi || be devel oped and docunented in the spectral design spreadsheet and
acconpanyi ng docunent SP-H R-155: "Spectral performance requirenents for
H RDLS optical elenents". The process by which these profiles have been
devel oped, with rel ated assunptions and caveats, will be found in
TC-RDU-111: " Spectral PASSBAND and BLOCKI NG Budget Descri pti on Documnent”

COVMPONENT SPECTRAL REQUI REMENTS DERI VED FROM OPTI CAL SYSTEM DESI GN

Lenses and wi ndow

Lenses L1 and L2 shall be manufactured from "optical grade" germani um
The material shall be nonocrystalline, N-type, with its axis nomnally
parallel to the lens optical axis, and shall have a resistivity of <25
ohmcm Index of refraction i nhonbgeneity shall be such that

each | ens shall produce less than .02 waves RVS at 3.4 microns.

The bul k material used to manufacture Wndow WL shall be optical grade
Zinc Selenide with an index of refraction i nhonogeneity not exceeding
5 ppm

Lens L1 shall conformto the performance requirenents given in Table 3.1
(cols. 4a and 5a) over each of the specified channel passbands between
the 5%rel ative response points, but not necessarily in the intervening
spectral intervals

Lens L2 shall conformto the performance requirenents given in Table 3.1
(cols. 4b and 5b) over each of the specified channel passbands between
the 5% rel ative response points, but not necessarily in the intervening
spectral intervals

W ndow W shall conformto the perfornance requirenents given in Table
3.1 (cols. 6 and 7) over each of the specified channel passbands between
the 5% rel ative response points, but not necessarily in the intervening
spectral intervals
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.1.6 The surface reflectance of the anti-reflection coating on each |Iens and
wi ndow surface at approximately normal incidence shall not exceed 2. 8%
over each of the specified channel passbands between the 5% rel ative
response points (Table 3.1, col. 3), but not necessarily in the
i ntervening spectral intervals [Note: this is the intended naxi mum
begi nning-of-1ife figure. The correspondi ng naxi num end-of-life figure
is 3% per surface]

Table 3.1 - LENSES & W NDOW
2 3 4a 4b 5a 5b 6 7
Maxi mum Maxi mum
M ni mum absorption absorption
substrate in AR M ni mum in AR
Centre transm ssi on coati ngs substrate coati ngs
Gas (appr ox) at centre (2 surfaces) transmissn (2 surfaces)
(mcron) L1 L2 L1 L2 W W
N20O 17. 4 0.555 0.598 3% 3% 0. 843 3 %
c2 16.5 0.818 0.835 3% 3% 0. 861 3 %
cx2 16.0 0.781 0.802 3% 3% 0.872 3 %
cox2 15.6 0.746 0.771 3% 3% 0. 891 3 %
cox2 15.0 0.807 0.825 3% 3% 0. 920 3 %
Aero 12.1 0.880 0.889 3% 3% 0.942 3 %
CFC- 11 11.8 0.879 0.888 3% 3% 0.942 3 %
HNC3 11.3 0.928 0.930 3% 3% 0.942 3 %
CFC- 12 10.8 0.932 0.934 3% 3% 0.942 3 %
(0¢ 10.1 0.936  0.937 3% 3% 0.942 3 %
a3 9. 57 0.936  0.937 3% 3 % 0.942 3 %
a3 8. 85 0.937 0.937 3% 3 % 0.942 3 %
Aer o 8. 26 0.937 0.937 3% 3% 0.942 3 %
N2C6 8.04 0.936  0.937 3% 3% 0.942 3 %
N20O 7.88 0.936  0.937 3% 3% 0.942 3 %
Cl ONO2 7.76 0.936  0.937 3% 3 % 0.942 3 %
CH4 7.43 0.936  0.937 3% 3% 0.942 3 %
H20 7.09 0.936  0.937 3% 3% 0.942 3 %
Aer o 7.10 0.936  0.937 3% 3% 0.942 3 %
H20 6.75 0.936  0.937 3% 3 % 0.942 3 %
NO2 6.22 0.937 0.937 3% 3 % 0.942 3 %
(test) 6. 75 (nom nal Iy as Channel 20)
Note: the overall spectral range covered by Table 3.1 is 555 to 1650 cm1

/3.2 Bandpass Filters .
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Bandpass Filters

The bul k material used to manufacture the bandpass filters shall be
Germani um optical grade 5-20 Chmcm nonocrystalline, with the 111 axis
parallel to the principal axis of the blank.

In each channel the overall passband shall be primarily defined by the
warmfilter. The cold filter passband shall be chosen such that the 50%
relative transm ssion points are pitched approxi mately between the 1%
and 5%relative transm ssion points of the conjugate warmfilter

In each channel the overall transm ssion profile of each Detector/Cold-
Filter conbination shall be such that the total RMS noise due to the

i ncident thermal flux outside the 5%relative transm ssion points for the
Det ector/ Col d-Filter conbi nati on does not exceed 10% of the RMS noi se due
to the incident thermal flux within the 5%relative transm ssion points
for the Detector/Cold-Filter conbination.

[ END OF DOCUNENT]



